This work investigates the interfacial adhesion between the iron fillers and the silicone matrix in magneto-rheological elastomers at high deformations. Carbonyl iron powder, composed of mechanically soft spherical particles with a median size of 3.5 µm and a volume concentration of 3.5%, was mixed in a soft silicone matrix (Shore 00-20); the compound was then degassed and cured under temperature. The presence of a homogeneous magnetic field of 0.3 T during the curing process allowed the formation of particle chains. Tensile tests of these samples under scanning electron microscope showed interfacial slipping and debonding between the two phases. To improve interfacial adhesion, a silane primer was applied to the iron particles, following two different procedures, before the mixing and crosslinking process, thus giving two additional types of samples. In tensile testing lengthwise to the particle alignment, with engineering strains up to 150%, the structural responses of the different types of samples were compared. An enhanced adhesion of the iron fillers to the silicone matrix resulting in a reinforced matrix and increased tensile strength during the first loading path could be observed. Furthermore, scanning electron microscope images show that a more elaborated particle-matrix interface was obtained with the primer additive.
INTRODUCTION
Materials whose rheological properties can be varied by the application of magnetic fields belong to the specific class of smart materials because they can respond rapidly and reversibly to changes in their environment. A branch of this kind of materials, called magneto-rheological elastomers (MRE), are typically composed of micron-sized magnetic particles dispersed in an elastomeric matrix. When a magnetic field is applied to the polymer composite during crosslinking, particle chain structures form and remain locked in place upon final curing, thus imparting anisotropic properties to viscoelastic materials [1, 2] .
Not only do magneto-rheological elastomers alter their viscoelastic properties in response to an external magnetic field but they can also undergo very high deformation states. While the former effect is mainly exploited in variable and controllable stiffness devices [1] [2] [3] , the latter may be of interest in haptic devices such as a tactile interface [4] . Indeed, a large out-of-plane deformation can be introduced when the material is chosen appropriately. Using a coil or a permanent magnet matrix placed underneath a soft MRE surface, patterns can be displayed on the surface as already achieved with magneto-rheological fluids [5] .
It is well known that the distribution, size and shape of the filler particles, as well as the state of the interface between the particles and matrix, affect the macroscopic behavior of composite materials [6, 7] . Indeed, filled elastomers responses are typically exhibiting the Payne effect at small deformations [8] and the Mullins effect at high deformations [9, 10] . Moreover, at a critical stress level, debonding acts as a distinct failure phenomenon in an elastomer containing rigid inclusions, due to stress concentrations at the weak particle-matrix interface [11] . Therefore the phenomenon of debonding, bound and entrapped rubber appears as a key property for the behavior of filler-rubber compounds [12, 13] and has actually been observed in MREs [14] .
Besides, the common use of silicone oil as a diluting agent to decrease the modulus of silicone elastomers tends to enhance by facilitating frictional sliding at the interfaces between the matrix and the particles [15] [16] [17] [18] .
In order to modify the particle-matrix interactions and more precisely to improve the interfacial adhesion, different kinds of silane coupling agents and compatibilizer were used in MRE [19, 20] . Silane primers typically consist of two different reactive groups, one compatible to the substrate and the other to the elastomer and serve as adhesion promoters between two nonbonding surfaces. Some studies showed the improved bond strength between many primed substrates and addition-cure silicon elastomer [21, 22] .
In the perspective of developing a tactile MRE surface, this work investigates, as a first step, the interfacial adhesion between the iron fillers and the silicone matrix at high deformations. Therefore different MRE samples were prepared by modifying the surface of carbonyl iron particles (CIP) through silane primer treatment according to two procedures, prior to compounding. These samples are then compared to a sample without particle treatment both under SEM and during mechanical testing.
In the following, we detail in part 2 the experimental procedures for sample preparation, SEM observation and mechanical testing before presenting and discussing our results in part 3.
EXPERIMENTAL

Materials
The very soft and stretchable silicone elastomer Ecoflex 0020, purchased from Smooth-On, Inc., USA was chosen as the matrix material to facilitate high deformations under reasonable magnetic field for a possible application as a tactile MRE surface. It is cured as a two-part vulcanization addition cure platinum-catalyzed system (RTV-2). The obtained silicone has a Shore hardness of 00-20, an elongation at break of 845% and a density ρ sil of about 1.07 g/cm 3 .
Mechanically soft, spherical carbonyl iron powder (CIP) with a median particle size of 3.5 µm and a density ρ iron of about 7.5 g/cm 3 from BASF, Germany, was used as the filler material.
To improve adhesion between the silicone elastomer and the iron particles, the clear 1200 OS Primer from Dow Corning, USA, was used. The 5% non-volatile active content of this silane based primer is purchased diluted in volatile siloxanes.
Samples preparation
A pure silicone elastomer and different MRE samples were prepared modifying, or not, the surface of CIP by silane primer treatment of the particles prior to compounding. The silane primer dilution was applied either by spray-coating the particles or by stirring them in the primer dilution, giving the two procedures mentioned in the introduction. In order to observe the MREs' microstructures clearly under microscope, a low particle volume fraction of 3.5% was used and samples were cured in the presence of a magnetic field of 0.3 T.
The different types of samples used in this work are summarized in Table 1 and details regarding their fabrication are given in the following paragraphs. 
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